We show that the concentration of total free fatty acids (FFAs) in sake produced by yeast with high productivity of ethyl caproate could be approximated by the concentration of 2 FFAs, caproic and caprylic acids. Measurement of the total FFAs concentration by an enzymatic method proved useful for both estimating the ethyl caproate concentration in sake and also for yeast breeding.
The many volatile and nonvolatile compounds in sake, a traditional alcoholic beverage in Japan, contribute significantly to its characteristic flavors. Ethyl caproate, a medium-chain fatty acid ester, is one of the desirable flavors in sake; its appropriate concentration leads to high rating in a sensory evaluation.
1) Such medium-chain fatty acids as caproic acid, caprylic acid, and capric acid are the precursors of their ethyl esters in sake. Indeed, the content of caproic acid in sake is highly correlated with that of ethyl caproate. 2) In order to improve the flavor of sake, yeast strains producing sufficient ethyl caproate have been bred by screening for yeast mutants with resistance to cerulenin, a potent inhibitor of fatty acid synthase.
3) These ceruleninresistant mutants show enhanced production of ethyl caproate; however, a large amount of medium-chain fatty acids occasionally becomes cause for such offflavors as rancidity and oiliness, 4) and degrades the quality evaluation of the sake. Regulating the ethyl caproate concentration in sake is therefore important for quality control. The gas chromatographic (GC) method has been generally used for analyzing the free fatty acids (FFAs)/esters in alcoholic beverages including sake. The medium-chain fatty acids (from C4 to C10) in sake that were produced by the standard sake yeast strains from 70% polished rice and the long-chain fatty acids (from C14 to C18) in the sake mash have previously been examined by the GC method. 2, 3, 5, 6) However, the composition of FFAs ranging from C6 to C18 in sake has not previously been measured.
To investigate the content ratio of caproic acid in total FFAs ranging from C6 to C18 in sake, we examined FFAs by the GC method in 28 sake samples (Ginjyoshu) that had been produced by cerulenin-resistant sake yeast strains with high productivity of ethyl caproate from highly polished rice (a 40.0-53.6% polishing ratio). Figure 1A shows a typical profile of FFAs in one of the sake samples analyzed by the GC method. We detected three FFAs, caproic acid (C6:0), caprylic acid (C8:0) and capric acid (C10:0), but not other FFAs with aliphatic tails longer than 10-carbon chains. Furthermore, the profile indicated that two of these fatty acids, caproic acid and caprylic acid, were the major FFAs in the sake sample. The content ratio of caproic acid to total FFAs in the sake samples was about 83%, and the sum of the content ratios of caproic acid and caprylic acid to total FFAs was about 98%. These results established that the major FFAs in the sake produced by the cerulenin-resistant sake yeast strains with high productivity of ethyl caproate were caproic and caprylic acids. It has previously been reported that the content ratio of caproic acid in the medium-chain fatty acids (from C4 to C10) in the sake produced by the standard sake yeast strains (70% polished rice) was about 65% to the FFAs from C6 to C10.
6) It is possible that this discrepancy in the content ratio of caproic acid between our result (83%) and that reported (65%) would have been caused by a difference in the fermentation conditions (yeast strain, polishing ratio of rice, fermentation scale/temperature, and supplemented materials). Indeed, it has been indicated that the removal of inositol by polishing rice led to an increase in the medium-chain fatty acids in sake.
6) It would be important to investigate whether various factors during the fermentation process can affect the concentration of caproic acid/ethyl caproate in sake.
The enzymatic method using acyl-CoA synthetase and acyl-CoA oxidase, which is more convenient than the GC method, has been widely utilized to analyze FFAs in blood, 8) food, 9) and growth media, 10) but not in alcoholic beverages. We next measured the FFA concentrations in the sake sample by using the enzymatic method with the NEFA C-test kit (Wako) which utilizes acyl-CoA synthetase and acyl-CoA oxidase. FFAs with chain lengths from C4 to C18 have previously been detected in sake and/or the mash. 5, 6) This kit (http: //www.wakodiagnostics.com/r nefa.html) is able to detect FFAs ranging from C6 to C20, and the enzymatic y To whom correspondence should be addressed. Fax: +81-25-224-0957; E-mail: kuribayashi.takashi@pref.niigata.lg.jp Biosci. Biotechnol. Biochem., 76 (2), [391] [392] [393] [394] 2012 Note reactivity to fatty acids ranging from C8 to C20 is identical to that to caproic acid (C6). The FFA concentrations were calculated with reference to a calibration curve obtained with caproic acid. The measured values (OD 550 , y) ranging from 0.03 to 0.8 mmol of caproic acid (x) in a sake sample having 15% (v/v) ethanol showed good linearity (y ¼ 0:5478x þ 0:0020, r 2 ¼ 0:9995) by this enzymatic method. We confirmed that up to 20% ethanol did not affect the measurement of FFAs. To investigate the effect on the FFA enzymatic assay of pH value or organic acids in the fermentation process for sake brewing, we prepared two sake-like solutions (15% ethanol at pH 2.7, 1000 mg/L of malic acid, 1500 mg/L of lactic acid and 1000 mg/L of succinic acid; and 8.5 g/L of lactic acid at pH 2.5) and drew a standard curve ranging from 0.03 to 0.8 mmol of caproic acid in the prepared solutions. The measured values showed good linearity and fitted the foregoing original standard curve, indicating that the pH or organic acids in the fermentation process for sake brewing would not affect the FFA enzymatic assay.
To investigate the possibility that the total concentration of FFAs measured by the enzymatic method could be approximated by the sum of the contents of the two major FFAs (caproic acid and caprylic acid), we measured by both the enzymatic and GC methods the content of FFAs in 28 sake samples that had been produced by the cerulenin-resistant sake yeast strains with high productivity of ethyl caproate from highly polished rice (a 40.0-53.6% polishing ratio). As expected (Fig. 1B) , the regression line between the total concentration of caproic acid and caprylic acid measured by the GC method and the FFA concentrations measured by the enzymatic method indicated a statistically-significant correlation coefficient (y ¼ 1:0052x þ 0:0028, r ¼ 0:9455, p < 0:01).
It has been shown that the content of caproic acid in sake is highly correlated with that of ethyl caproate.
2)
The correlation between the caproic acid content measured by the GC method and the ethyl caproate content measured by the head-space gas chromatographic (HSGC) method 11) showed linearity with a high correlation coefficient (r ¼ 0:9581, p < 0:01; Fig. 2A ). The foregoing results confirmed that the total concentration of FFAs measured by the enzymatic method could be approximated by the sum of the contents of the two major FFAs (caproic acid and caprylic acid) measured by the GC method. This result also suggested that the content of ethyl caproate in the sake produced by the cerulenin-resistant yeast strains with high productivity of ethyl caproate might be estimated from the total FFAs measured by the enzymatic method. This was confirmed by the correlation between the total content of FFAs measured by the enzymatic method (x) and the ethyl caproate content measured by the HSGC method (y) actually exhibiting a regression line with a high correlation coefficient (r ¼ 0:9163, y ¼ 30:2498x À 0:4274, p < 0:01; Fig. 2B , industrial-scale brewing). The concentration of ethyl caproate in the sake could therefore be estimated from the concentration of total FFAs measured by the enzymatic method.
We next investigated whether the enzymatic method could be applied to selecting the yeast strains with high ethyl caproate-producing ability. We isolated 184 cerulenin-resistant mutants from the original G9NF sake yeast strain of the Niigata Prefectural Sake Research Institute by the previously described method, 3) and selected three mutants (G9NF-29, -78 and -127; strain A, Analysis of FFAs in sake by the GC method. FFAs in sake produced by the K1801 sake yeast (lower panel) were analyzed by comparing with the retention time of authentic standards (upper panel). I.S., internal standard (10 mg/L of enanthic acid). Two grams of sodium chloride and 0.15 mL of sulfuric acid were added to 50 mL of the sake sample. FFAs in the sake sample were extracted by the method of de Jong and Bading. 7) The following conditions were used for the GC analysis: instrument, GC-14B (Shimadzu); detection, flame ionization; column, InertCap FFAP fused-silica capillary type (0.25 mm I.D. Â 15 m, d f ¼ 0:25 mm, GL Sciences); column temperature, 100 C for 5 min, rising to 240 C at 10 C/min, and then held for 20 min; carrier gas, helium at 50 kPa. B, Correlation between the enzymatic and GC methods for measuring the total concentration of FFAs in sake. Non-filtered sake samples were obtained from sake nos. 9-11, Fig. 3A ) as the strains with high ability to synthesize FFAs by using the enzymatic method. We then measured the concentrations of ethyl caproate and total FFAs produced by these mutants, and those produced by their parental strain (G9NF, no. 7), by six standard cerulenin-sensitive sake yeast strains (K7, K701, K9, K901, K10, and K1001; nos. 1-6) as the negative control, and by one cerulenin-resistant strain (K1801, no. 8) as the positive control. Figure 3B shows that the three selected cerulenin-resistant yeast strains (nos. 9-11), as well as the K1801 strain (no. 8), produced a greater amount of either ethyl caproate or FFAs than the parental or standard sake yeast strains (nos. 1-7), the correlation between FFAs (x) and ethyl caproate (y) produced in the koji extract medium 12) showing a regression line with a high correlation coefficient (r ¼ 0:9824, y ¼ 14:6661x À 0:0798, p < 0:01). Furthermore, we confirmed the high productivity of FFAs/ethyl caproate by these strains (nos. 9-11) and the correlation between FFAs and ethyl caproate in small-scale sake brewing 13) (200 g of rice; Fig. 2B , nos. 7-11).
In summary, we examined the content ratio of FFAs (from C6 to C18) in sake produced by the sake yeast with high productivity of ethyl caproate, and found that two fatty acids, caproic and caprylic acids, were major FFAs in the sake. We also demonstrated that the measurement of total FFAs by the enzymatic method was useful both for estimating ethyl caproate in sake and for selecting the yeast with high productivity of ethyl caproate. The enzymatic method will contribute to the brewing of high-quality sake, especially by sake breweries unequipped for gas chromatography. Since the A, Correlation between the ethyl caproate and caproic acid concentrations. B, Correlation between the ethyl caproate and total FFAs concentrations. The ethyl caproate concentration (in A and B) of the sake sample ( Fig. 1) was quantified by the HSGC method.
11)
The caproic acid (A) and FFA (B) concentrations were respectively determined by the GC and enzymatic methods. Filled circles and the solid line respectively indicate the measured values and the regression line for the sake samples (industrial-scale brewing, 600-1200 kg total of rice) which were the same as those in Fig. 1B enzymatic method is not affected by the C4:0 shortchain fatty acid that has been detected in sake produced by the standard sake yeast from mildly-polished rice, it should be possible to estimate ethyl caproate by the enzymatic method for various sake samples (those of high quality and also standard quality) and the mash during the fermentation process. Further analysis is necessary to provide more information about this.
